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Summary 


Studies on nitrogen cycle in forest ecosystems were reviewed. They show that a large amount 
of nitrogen is accumulated in soil as organic form, and the rate of recycling is definitely low 
compared to the accumulated amount. The rates of input and output of nitrogen into and out of 
a forest ecosystem are also estimated to be low compared to the accumulated amount. It could be 
concluded that the forest is a rather closed system with a low rate of nitrogen turn-over. 

There was a gradient in the amount of carbon accumulated in forest soil, from north to south 
depending on the change in temperature, while a gradient in the amount of nitrogen accumulation 
was not significant. The accumulation of carbon in soil increased with the decrease in temperature, 
while that of nitrogen did not increase. The difference could be caused by the difference between 
carbon and nitrogen in the change of balance of input to output with temperature. As a result, 
the C/N of soil and that of litterfall become higher in northern forest than southern forest. This 
means that forest ecosystems in northern areas are systems rather deficit in nitrogen. 

Carbon and nitrogen accumulation as well as recycling change with the moisture condition. 
The accumulation of nitrogen in dry brown forest soil (Bg type) developed on upper slopes and 
ridges was lower than that in moderately moist brown soil (Bp type) developed on lower-slopes, 
though there was no significant difference in carbon accumulation between the two soils. The rate 
of litterfall and it’s nitrogen content were low in forest on Bg type soil. Consequently, the C/N 
of soil and litterfall was high in Ba. This suggests that forest developed on dry soil is a system 
rather deficit in nitrogen. 

There is a marked difference in the rate of nitrogen mineralization between soils. It is likely 
that the rate of nitrogen mineralization in soil decreases with the decrease in nitrogen accumulation 
and increases in C/N. This indicates that the rate expected to be low in northern forest and in 
forest on dry sites. This decrease of nitrogen mineralization lead to the decrease in nitrogen recycle 
and forest growth. 

It is supposed that nitrogen cycle is modified in a forest ecosystem which is deficit in nitrogen. 
The expected modifications are as follows: (1) The change in vegetation to species tolerant to low 
available nitrogen, (2) The withdrawal of nitrogen from leaves before leaf-fall, and (3) Direct 
mineral cycling. 


Introduction 


Nitrogen is one of the most important nutrient element for plant growth. It is 
known that sometimes available nitrogen in soil is liable to be insufficient for tree growth, 
despite the fact that there is a large amount of total nitrogen accumulated in soil. 
Therefore, the nitrogen cycle is basic for understanding of the function and production 
of forest ecosystem. 

This report deals with the nitrogen cycle in a forest ecosystem based mainly on the 
studies carried out by the author and his coworkers. 
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1. Pathways in the nitrogen cycle 

Fig. 1 shows a compartment model of the nitrogen cycle in a forest ecosystem. Trees 
are classified into four compartments: leaves, branches, stems, and roots. Soil is clas- 
sified into the Ao layer or forest floor and mineral soil. Organic nitrogen is accumulated 
in the mineral soil. Soil organisms consist of microflora and microfauna which decom- 
compose soil organic matter and mineralize nitrogen to NH,-N which is in turn changed 
to NO,-N. A part of mineral nitrogen is immobilized and goes back to organic nitrogen 
due to the activity of soil organisms, but some of it is taken up by plants, and a part is 
lost by leaching and denitrification. 


wet & dry 
9.7] fallout 
N A 5 
i denitri- 
litterfall Fixation en 


87.2 fication 
volatili- 


zation 


N fixation 


leaching 


uptake 108 


Fig.1 A compartment model of the nitrogen cycle in a forest. 
figures ; accumulation (kg/ha) and flow (kg/ha + yr) of nitrogen 
in a deciduous broadleaved forest near Kyoto. 


The nitrogen taken up by plants is stored in the plant body, and a part is returned 
to soil mainly through litterfall. Nitrogen fixation, both symbiotic and nonsymbiotic, is an 
important pathway of input to the ecosystem. The activity of nitrogen fixation is a key 
factor in determining the amount of nitrogen accumulated in a forest. 

Wet and dry fallout form another pathway for nitrogen input. The pathways of output 
of nitrogen from a forest are leaching, denitrification, NH; volatilization and erosion. 

The figures in this model are the values obtained in a deciduous broadleaved forest 
near Kyoto (KATAGIRI & Tsutsumi, 1978). It shows that the accumulation of nitrogen is 
large in soil, up to 8,700 kg/ha, while the amount of mineralized nitrogen is very low 
when compareto total nitrogen. Most of the nitrogen in forest soil is accumulated as 
organic nitrogen which is not available for plants. 

Recycling is also low compared to accumulation. In this case, the litterfall and the 
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uptake were around 100 kg/ha+yr. This corresponds to about 1% of the total nitrogen 
accumulated. The rate of wet fallout is low compared to the litterfall and uptake (KATAGIRI 
& Tsutsumi, 1976, 1978). 

Today, there are few studies on nitrogen fixation and denitrification, however, some 
studies (VAN CLEVE & ALEXANDER, 1981; GRANHALL & LINDBERG, 1980; JorDAN, 1983) 
suggest that the rate of fixation is not so high in mature forest. 

The rate of leaching is also low, usually less than 10 kg/ha-yr(IwaTsuso & TSUTSUMI, 
1981 ; Tsutsumi & FUKUSHIMA, 1981). Thus, it is likely that the nitrogen cycle is rather 
closed in well developed forests, and the rate of recycle is definitely low compared to 
the amount of accumulation, that is, forest is an system of a rather closed type with a 
low rate of turn over. 


2. The accumulation of carbon and nitrogen in forest soil 


Table 1 shows the amount of carbon and nitrogen that accumulated in the soils of 
various types of forest, from subarctic to tropical (Tsutsumi, 1971, 1973, 1977; KAWAHARA 
& Tsutsumi, 1972; Yopa & Kira, 1982). The table suggests that the accumulation of 
carbon and nitrogen changes with climate or temperature. 


Table 1. Forest Types and Accumulation of Carbon and Nitrogen in Soil. t+ ha! 


Forest Type Savile Carbon Nitrogen C/N 
ie Ao Soil Total Ao Soil Total 
Subarctic Evergreen 4 23.0 103 126 0.68 5.56 6.24 20.2 
Coniferous Forest +6.1 +19 +21 +0.18 +1.04 +1.05 
Cryptomeria japonica Forest 8 9.6 126 136 0.13 9.15 9. 23 147 
+4.0 +30 +33 +0.07 +2.03 +1.93 
Deciduous Broadleaved 12 2.9 90. 3 93.2 0. 10 7.46 7.56 1253 
Forest (Bp) ALLS 19:7 2:20:10 +0.04 +1.62 +1.62 
Deciduous Broadleaved 13 11.1 75.5 86.6 0.38 4.30 4.68 18.5 
Forest (Bg) +7.5 +18.8 +0.26 +1.20 +1.10 
Lucidophyllous Forest 11 4.7 84.4 0.12 6.87 7.06 12.6 
+24 +11.4 +0.10 +0.85 +0.79 
Tropical Evergreen Forest 3 
(Thailand) 2.0 53.8 55.3 0.03 5.76 5.79 9.6 
Tropical Evergreen Forest 8 1.8 72.1 73.9 0.04 6.75 6.79 10.9 
(Malaysia) £04 28.0 +8.2 +0.01 +£1.77 +£1.78 


The accumulation of carbon is high in subarctic coniferous forest and decreases from 
north to south, while the accumulation in tropical forest is the lowest. There is no significant 
difference in nitrogen accumulation among forest types. The accumulation is 6.2 t/ha for 
subarctic and 6.8, 5.8 t/ha for tropical forests. This implies that the accumulation of 
nitrogen in cool climates, such as subarctic coniferous forest, would probably be limited 
because of the low rate of nitrogen fixation. 

Subsequently, nitrogen accumulation is relatively low compared to carbon accumula- 
tion in forests developed in low temperature areas. Therefore, the C/N ratio becomes 
high in northern forests and decreases toward southern forests. It is well known that the 
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accumulation of carbon and nitrogen is controlled by the balance of input and output 
(Tsutsumi, 1963). As for the carbon in soil, input is due to litterfall and output is due 
to microbial decomposition. The change in the rate of litterfall and decomposition with 
climate should be examined. 


3. Litterfall, decomposition and accumulation 


3-1 Temperature 

Table 2 shows the rate of litterfall and nitrogen content for various forest types 
(references used are listed in the list of references with *). The rate of litterfall increa- 
ses from subarctic forest to tropical forest. It is well known that the rate of primary 
production in forest increases in proportion to the increase in temperature (Kira, 1976), 
and the litterfall also increases with the increase in primary production (Tsutsumi et al., 
1983). 


Table 2. Forest Types and Rate of Litterfall 


Forest Type ae Ee N P K Ca Mg 


Subarctic Evergreen Coniferous Forest 4 423 29.9 257 7.05 269 (27 
+0.97 +16.4 +1.31 +2.30 +£7.6 a 


Temperate Evergreen Coniferous Forest 41 4.57 33.2 2.82 9.25 38:04:59 
+1.42 +12.6 +£1.35 +4.68 +17.2 +1.42 
Temperate Deciduous Broadleaved 40 4.07 44.9 405 16.0 52. 8 7.90 
Forest +1.00 +17.1 +1.92 +86 +25.8 +3.95 
Lucidophyllous Forest 13 6.51 72.8 4.78 25.0 72.2 9. 84 
+0.81 +86 +2.18 +12.1 +142 +1.75 
Tropical Evergreen Forest 32 9.87 144 7.86 56.5 126. 35.5 


+2.36 +38.4 +3.16 +30.4 +60 +12.5 


Dry Matter :t + ha“! + yr-!, N and Minerals : Kg + ha™!, yr“! 


The amount of nitrogen in litterfall is higher in tropical forest than in cool tempe- 
rate and subarctic forests. The difference is much higher than that of dry matter. The 
difference between subarctic forest and tropical forest is about twice that of dry matter, 
while it is about 4 times more for nitrogen, because the average nitrogen concentration 
of litterfall is also low in subarctic forest and gradually increases toward southern forest. 
The litterfall in northern forest is poor in nitrogen, and higher in C/N ratio. 

The rates of organic matter decomposition in forest soils were estimated based on 
Tables | and 2, though the figures in Table 2 are arranged so as to coincide with those 
of Table 1. The result is shown in Table 3. There is a gradient in the rate of de- 
composition, from northern to southern forest. The difference in the rate for Ao is about 
30 times.. It is well known that the rate of decomposition increases exponentially with the 
increase in temperature. Estimated Qo is about 2 or 3 (Tsursuml, et al. 1985). Moreover, 
litter is low in nitrogen and nutrient elements in northern forest, as mentioned before. 
Therefore, it is easy to expect the rate of decomposition to decrease remarkably in northern 
forest, because of low temperature and low nitrogen content. 
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Table 3. Rate of Decomposition of Organic Matter in Soil (yr~!) 


Forest Type Ao Ao+Soil 
Subarctic Evergreen Coniferous Forest 0.10 0. 018 
Cryptomeria japonica Forest (Akita) 0. 26 0.018 
Cryptomeria japonica Forest (Yoshino) 0. 37 0. 018 
Deciduous Broadleaved Forest (Bp) 0. 79 0. 025 
Deciduous Broadleaved Forest (Bg) 0.15 0.019 
Lucidophyllous Forest 0.77 0. 040 
Tropical Evergreen Forest (Thailand) 2.71 0. 098 
Tropical Evergreen Forest (Malaysia) 2. 98 0. 073 


The rate of decomposition is much lower for mineral soil, because the organic matter 
in mineral soil is highly resistant to decomposition. The difference between conditions in 
the north and south is smaller than that in the Ao-layer. 

Though, the rate of litterfall, that is the rate of input of carbon to soil increases with 
the increase in temperature, (Q1 is between | and 2), the increase in the rate of de- 
composition, that is rate of output, with temperature is much higher (Qi is about 2~3). 
As a result, the accumulation of carbon in soil is lower in the area with high tempera- 
tures. The biological activity related to the input of carbon is the photosynthesis of the 
plant, while that related to the output of carbon is decomposition carried out by soil 
biota. Those two different biological groups differ in the’ Fesponse to temperature. This 
difference leadsto the difference in carbon accumulation with changes in temperature 
conditions. 

Biological fixation of nitrogen is the main pathway of input in nitrogen accumulation. 
It is reported that the rate of nitrogen fixation changed exponentially with temperature 
(GRANHALL 1981). This is similar to the change in biological decomposition with tempe- 
rature. The rate of loss, denitrification, is also due to the activity of the soil microor- 
ganisms. As shown in Table 1, nitrogen accumulation in forest soil shows no significant 
differences between forest types. This suggest that there is no significant difference in 
the balance of input to output with the change in temperature, because both of input 
and output of nitrogen are controlled by biological activity of soil microorganisms though 
the species concerned differ. 


3-2 The effect of moisture 


As shown in Table 1, there is a clear difference in carbon and nitrogen accumula- 
tions between two soils in the same deciduous broadleaved forest. In this case, the most 
important factor is not the temperature but moisture condition and some other physical 
and chemical properties of soil. It is well known that soil moisture conditions change with 
slope, and forest soil properties change with the moisture condition. For example, on 
ridges and upper slopes, dry forest soils are liable to develop, while, on lower slopes, 
moisture conditions are favorable, and moderately moist brown forest soil usually developed. 
In Japan, the brown forest soil is classified into seven types based on the gradient of 
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Fig.2 The relationship between nitrogen accumulation in soil and moisture 
index in a deciduous broadleaved forest near Kyoto. 


moisture conditions changing with the topographic conditions (Forest Soi Dıv., 1976). 

Some studies of nitrogen and mineral cycles have been carried out in forests developed 
on various soils changing with soil moisture condition, in a cool temperate deciduous bro- 
adleaved forest near Kyoto (KĶATAGIRI & Tsutsumi, 1973, 1975, 1976, 1978 ; TSUTSUMI 
& Karaciri, 1974). 

Fig. 2 shows the relationship between nitrogen accumulation and soil moisture condi- 
tions in the natural deciduous broadleaved forest. The moisture index (MI) is used as 
the index of the moisture condition of the site estimated based on the floristic composi- 
tion of forest (TSUTSUMI & Karaciri, 1974). The highest value of MI indicates the driest 
condition, and it becomes moist with the decrease in value. The total amount of nitrogen, 
that is the sum of the Ao-layer and mineral soil up to 70 cm in depth is used. 

As shown in Fig. 2, nitrogen accumulation clearly decreases with the decrease in the 
soil moisture, though there are some fluctuations. The amounts of nitrogen in soils deve- 
loped on dry condition are lower than 5 t/ha, while they are more than 8 t/ha in soils 
developed in moist condition. This suggests that the rate of nitrogen accumulation would 
be low on dry and poor soil compared to moderately moist soil. 

Table 4 shows the rate of litterfall and the content of nitrogen in dry (Bs soil) and 
moderately moist soil (Bp soil) in a cool temperate natural deciduous broadleaved forest 


Table 4. Soil Type and Rate of Litterfall kg + ha“! + yr! 


Soil Type ae Ts E N F E G W 

By soil, upperslope 6 3153 1621 308 219 957 4.5 832 
£209 +229 £52 +038 +118 +106 +1.56 

Bp soil, lowerslope 7 4322 2288 589 449 170 678 126 


+577 +315 +10.3 +0.88 +40 +30.1 +2.9 
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near Kyoto, the same forest as mentioned before (Tsutsumi, 1977). Bs is dry brown 
forest soil developed on the upperslope and/or ridge, while Bp is moderately moist brown 
forest soil developed on the lowerslope. Litterfalls were collected in forests on Bg and Bp, 
and the nutrient contents were analyzed. 

The rate of litterfall was higher in forest on Bp because of the high rate of primary 
productivity. The amount of nitrogen returned to the soil through litterfall was also higher 
in Bp than By. The difference between two soils in terms of nitrogen was higher than 
that for dry matter, because the nitrogen concentration in litterfall was also high in Bp. 
The difference was about 1: 0.73 for dry matter and was 1:0.5 for nitrogen. This 
indicates an increase in C/N in the litterfall on Bs. 

Fig. 3 presents the change in the C/N ratio of forest soils with the change of soil 
moisture in the same forest as mentioned before. Soil moisture is presented by MI, as in 
Fig. 2. 
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Fig. 3 The relationship between the C/N of forest soil and the moisture 
index in a deciduous broadleaved forest near Kyoto. 


It is clear that the C/N ratio become large with the decrease in soil moisture both 
for litterfall and for soil. This means that the organic matter recycled and accumulated 
at the dry site is relatively low in nitrogen compared to that at the moist site. 

It is likely that the accumulation of carbon and nitrogen change with temperature 
and moisture conditions, and there is a difference between carbon and nitrogen in the 
change of accumulation with site condition. This results in the increase in C/N with the 
decrease in temperature and increase in dryness. The forest developed under such 
unfavorable conditions as low temperature and dryness is low in nitrogen accumulation as 
well as in recycling. 
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4, Mineralization of nitrogen 


Organic nitrogen in soil is mineralized into mineral nitrogen, however, the mineraliza- 
tion of organic nitrogen, that is mobilization, is accompanied by the reverse process, 
organization of mineral nitrogen or immobilization. Moreover, a quantity of nitrogen is 
brought into the soil through nitrogen fixation, wet and dry fallout and litterfall. At the 
same time, mineral nitrogen is lost from soil through uptake by plants, leaching out with 
water and denitrification to some extent. As a result, the standing crop of mineral nitro- 
gen in soil does not reflect the rate of mineralization of nitrogen. Thus, usually the in- 
cubation method is used to measure the rate of nitrogen mineralization. Soil samples are 
packed into plastic or some other bag and incubated under field or in laboratory condi- 
tions for a given period, such as 1 month. The difference in the amount of mineral 
nitrogen initially and after incubation provide the amount of nitrogen mineralized during 
incubation, that is the net mineralization of nitrogen. 

Table 5 shows the results of the measurements on the rate of net nitrogen minerali- 
zation in two types of forest soils using the incubation method in the field. One soil type 
was Bs soil developed on ridges, and the other was Bp soil developed on the lowerpart of 
slopes in a natural deciduous broadleaved forest near Kyoto (SOONTORN et al., unpubl.). 


Thale 5. Rate of N mineralization (NH,;-N+NO3-N) 


N_ mineralization rate Total N(b) 
(a) g/m?» 10cm + yr g/m? + 10cm a/b% 


Bp Soil, lowerslope A 13. 9(12. 9) 263 &3 
Ba Soil, upperslope Ap 1.4( 0.8) 59 2.4 
A 3. 6( 0.3) 249 15 
Total 5.0¢ 1.1) 317 1.6 

( ):NOs-N 


The result shown in Table 5 is the amount of mineral nitrogen produced in one year 
in top soil and in the Ao-layer. There was a rather thick Ao-layer in Bg soil, while Ao 
was thin in Bp. The net mineralization was definitely higher in Bp soil. 

Most of the mineral nitrogen was in the form of NO,-N for Bp soil. For Bg soil, the 
net mineralization of top soil was very low, about one forth of that in Bp soil. However, 
the Ao-layer of Bs produced a considerable amount of mineral nitrogen, as shown in Table 5. 
This implies that the Ap-layer is important for the nitrogen cycle in forests developed on 
Bs type soil. Moreover, the greater part of mineralized nitrogen in Bg was in the form 
of NH,-N. The total amount of nitrogen mineralized in a year was 13.9 g/m?» yr for 
Bp soil and 5.0 g/m? yr for Bs soil. The results are for top soil 10cm in depth. 

The results indicate that the available nitrogen mineralized in soil would be insuffi- 
cient for tree growth, particularly in By soil, because it is estimated that the annual uptake 
of nitrogen was 108 kg/ha + yr for the forest on Bp and was 42 kg/ha - yr for the forest 
on Bs (Kataciri & Tsutsui, 1978). 

The ratios of net mineralization to total nitrogen were shown in Table 5. They were 
5.3% for Bp and 1.6% for Bs. The ratios were very low. In general, the rate of de- 
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composition or mineralization of organic matter in forest soil is very low, and the rate of 
nitrogen mineralization is also low, though there is a large amount of organic nitrogen 
accumulated in soil. This means that a large amount of organic nitrogen is required to 
produce the available nitrogen necessary for forest growth. 

The ratio of net mineralization to total nitrogen was definitely low in Bg soil where 
nitrogen accumulation was low compared to Bp soil. The rate of decomposition was also 
low in Bg because of the unfavorable site condition. Therefore, the rate of nitrogen 
mineralization decreases with changes in site conditions from favorable to unfavorable, 
because of the low nitrogen accumulation and the low rate of mineralization. The rate 
of nitrogen mineralization must be one of the key factors controlling the nitrogen cycle 
and thus soil fertility. 

Fig. 4 shows the relationship between the C/N in soil and the rate of nitrogen mine- 
railzation (the sum of mineralized N/total N (%)). Top soil samples were collected from 
various types of forest, including coniferous and broadleaved forests, near Kyoto. After 
eliminating roots and gravels, a part of the soil was incubated in a 30°C incubator for 
one month, and net mineralization was measured. Total nitrogen and total carbon were 
analyzed using the same sample (KAWAHARA & Tsutsumi, 1972). 
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Fig.4 The relationship between the C/N of soil and nitrogen 
mineralization rate (NH;-N+NO;-N/Total N, %). 


As shown in Fig. 4, the rate of mineralization decreased with increase in C/N. As 
mentioned before, C/N was high in Bg, and the amount of nitrogen accumulation was 
low in Bs. As a result, the net mineralization rate was definitely low in Bs. 

In the forest developed on the unfavorable site, the accumulation of nitrogen was 
limited compared to the forest on the good site. The C/N of the Ao-layer, soil and trees 
becomes high because of low nitrogen accumulation. This leads to the low rate of nitrogen 
mineralization, and the deficiency of available nitrogen in soil results in the decrease in 
the rate of tree growth and of litterfall. 


5. Change in the nitrogen recycle 


The deficiency of available nitrogen in soil is expected to affect øw the distribution and 
growth of tree species. Changes in the recycling of nitrogen with the decrease in avail- 
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able nitrogen in soil, such as follows, could be also expected. 

1, The change in vegetation to species tolerant to low available nitrogen. 

2. The withdrawal of nitrogen from leaves before leaf fall. 

3. The direct uptake of nutrient from litter by the development of a fine root mat 
accompanied by mycorrhiza in the Ao layer and top soil. 


5-1 Change in tree species 

Usually, tree species composition change with the gradient of moisture conditions 
depending on topography. Tree species change from mesic species, such Aesculus turbinata 
Pterocarya rhoifolia, Cercidiphyllum japonicum, to xeric species, such as Ilex pedunculosa, Cle- 
thra barvinervis, Quercus serrata, along a slope (Tsutsumi et. al., 1972). 

As mentioned before, nitrogen accumulation and mineralization of nitrogen in soil 
decrease with the increase in dryness or ascent on a slope. At the same time, the amo- 
unt of exchangeable bases, particularly exchangeable calcium, decrease. As a result, soils 


Table 6. The nutrient concentration change of leaves of trees and 
shrubs on various parts of the slope (%, oven dry). 


Part of slope Species N P K Ca Mg 
Euonymus sieboldiana Blume 3.57 0:27 1.39 1.39 O9 
Euonymus oxyphyllus Miq. 2.50 0.27 2.08 2.08 0.44 
Acer palmatum subsp. amoenum Hara 2.09 0.21 0.56 0.56 0.26 
Acer palmatum subsp. amoenum Hara 2.02 0. 57 0.70 0.82 0.44 
Lower slope Lindera umbellata Thumb. 2.55 0.57 1.76 1.71 0. 30 
Pterostyrax hispida S. et Z. 3. 83 1.65 2.71 1.14 0.62 
Meliosma tenuis Maxim. 2.65 1.05 3.18 0. 80 0. 39 
Hydrangea macrophylla var. acuminata Makino 2.96 1.20 2.67 1. 36 0. 48 
Average TT: 0. 72 1.88 1.23 0. 48 
Lindera umbellata Thumb. 2.46 0. 31 2.11 2.11 0. 23 
Acer micranthum S. et Z. 107 0.25 1.06 1.06 0.51 
Middle slope Viburunum frucatum Blume 1.63 0.66 1.57 1.75 0.40 
Enkianthus ciliicalyx Maxim. 1.85 0. 52 1.87 1.73 0. 94 
Hydrangea hirta Sieb. 2.09 0.99 1.74 0.35 0.63 


Average 1.96 0.55 1. 66 1.40 0. 54 
Lyonia ovalifolia var. elliptica Hand-Maz. 1.70 0.25 1.45 1.45 0. 29 
Clethra barbinervis S. et Z. 1.48 0.24 2.71 2.71 0. 64 
Viburunum frucatum Blume 1.61 0.44 1.62 1.69 0.57 
Enkianthus ciliicalyx Maxim. 1.62 0.37 1.44 1.07 0.93 
Upper slope Hydrangea hirta Sieb. 2.01 0. 64 1.95 0.23 0.70 
and ridge Hydrangea paniculata Sieb. 2.45 0.63 3.34 1.78 0.65 
Tripetaleia paniculata $. et Z. 1.57 0. 53 1.81 1.71 0.95 
Magnolia salicifolia Maxim. 1.66 0. 36 1.98 1.12 0. 29 
Hamamelis japonica var. obtusata Matsum. 1.29 0.55 0.98 1.10 0.25 
Average 1.76 0.45 200 1.33 0.56 
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on ridges or upper slopes, that is Bg type soil, is usually poor in nutrients. 

It could be expected that tree species which are able to grow on such poor soil 
have the ability to use or uptake nutrient efficiently. In order to examine the difference 
between tree species, leaf analysis was carried out in natural deciduous broadleaved forest 
near Kyoto. 

Table 6 shows the nutrient concentration in leaves of several tree species growing on 
various parts of a slope. The analysis was carried out at the end of August when leaves 
are fully matured and nutrient concentration in leaves are stable (Tsutsum1, 1981). 

Nitrogen and phosphorus concentrations were high in tree species on lower slopes 
and low in trees on upper slopes. There was no clear relationship between potassium, 
calcium and magnesium concentrations and soil conditions. 

The result suggests that tree species growing on Bs soil, dry and poor in nutrient, 
have the ability to grow with leaves low in nitrogen and phosphorus. 

Fig. 5 shows the relationship between the amount of nitrogen in leaf litterfall and 
the reciprocal of nitrogen concentration in leaf litterfall, using the results obtained in the 
various types of forest listed on Table 2. The reciprocal of nitrogen concentration shows 
the efficiency of nitrogen for the production of organic matter. 

There is a close relationship between the amount of nitrogen and nitrogen concent- 
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Fig.5 The relationship between dry mass /N ratio and amount of 
nitrogen in leaf litterfall for various types of forest. 
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ration, and the efficiency of nitrogen utilization increase with the decrease of the amount 
of nitrogen in litterfall. The result is the same as that reported by VirousEK (1984). 

Those results suggest that tree species change to the ones which are able to use 
nitrogen more efficiently with the decrease in soil fertility. In other words, tree species 
which have no ability to use nitrogen efficiently, or to maintain their life with low nitro- 
gen concentration are not able to distribute on poor sites. 


5-2 Withdrawal of nitrogen 

Table 7 shows withdrawal of nitrogen and phosphorus from leaves before leaf-fall. 
The data obtained in a natural deciduous broadleaved forest near Kyoto (KaTAGiIRI & 
Tsutsumi, 1978). The amount of nitrogen and phosphorus in leaves was measured at the 
end of August. Then the leaf litter after the end of August was collected, and the 
amount of nitrogen and phosphorus returned to the soil was measured. Since there was 
no significant loss of nitrogen and phosphorus from leaves with rain water, the differen- 
ces between the two measurements would correspond to the amount of nitrogen and 
phosphorus transferred from the leaves to the branches, stem and roots. 


Table 7. Withdrawal of N and P from Leaves. kg + ha 
Deciduous Broadleaved Forest 


Bp Soil Ba Soil 

N P N ¥ 
Green leaves, end of Aug. (a) 77 4.32 60 3.26 
Leaf litterfall, Sep.-Nov. (b) 54 3.55 25 1.20 
a/b 0.70 0. 82 0. 42 0. 37 


The measurements were carried out in two types of forests developed on the same 
slope, that is Bs and Bp soil (KATAGIRI & Tsutsumi, 1976, 1978). The amount of nitro- 
gen and phosphorus in leaf litter was definitely lower than that in green leaves in August. 
This indicates that the nitrogen and phosphorus in tree leaves transfer to branches and 
stems to some extent. The rate of withdrawal was much higher for the forest on Bg soil 
than for the forest on Bp soil. Nitrogen and phosphorus transferred to the branches 
and stems are expected to be used for the growth of leaves the next spring. Therefore, a 
part of the nitrogen and phosphorus in the leaves is used repeatedly without passing 
through the soil. Nitrogen and phosphorus recycle within plants ; from leaves to branches 
and stem, and from branches and stems to leaves. Since soil processes are very compli- 
cated and take a long time to recycle, this system of withdrawal must be very effective 
to use nitrogen and phosphorus efficiently. 

In this case, withdrawal is much higher in forest developed on Bs soil. It is reported 
that the withdrawal of nitrogen increases according to decreasing nitrogen availability 
(Turner, 1977). This implies that the rate of withdrawal increases with the decrease in 
soil fertility. However, this study is insufficient, and more intensive studies is required. 
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5-3 Direct mineral cycling theory 

The direct mineral cycling theory was presented by WENT and STARK (1968). Fine 
roots with mycorrhiza develop densely in the Ao-layer and top soil, and take up nutrient 
from organic matter directly. As a result, nutrient returned to the soil surface as litter- 
fall and rain water are taken up by roots directly and recycled between trees and the 
Ao-layer without pass through mineral soil (STARK, 1978). This means there is a short 
cut in the pathway of recycle. It is effective to use nitrogen in soil where the available 
nitrogen is limited. 

Author has not done any studies related to this subject, however a preliminary study 
of fine root biomass and vertical distribution is presented here. Table 8 shows the verti- 
cal distribution of fine roots in Ba and Bp soil in a natural deciduous broadleaved forest 
near Kyoto (Tsutsumi & SAKAI, 1984). One of 1x 1m plot was set up in both soil types. 
Then, soil was dug up from surface every layer, 10 cm in depth. All roots were picked 
up from the soil material and weighed for each diameter class, shown in Table 8. 

There was the development of a fine root in the Ao-layer, mainly in the F-H layer 
for By soil. Root biomass was the highest in top soil decreasing sharply with depth. The 
rate of decrease is higher for Bs soil. The biomass of the fine roots or their density was 
higher in Bg soil than in Bp, particularly in top soil. The fine root biomass in top soil (0- 


Table 8. Root biomass for each size class in diameter at different depth 
(oven dry weight, g + m~? + 10cm.) 


eee 


plot depth, piena 
0-2 2-5 5-20 20-50 Total 
Bp 0-10 189.8 (55) 42.2 (21) 107.5 (25) == 339.5 (33) 
10-20 61.0 (18) 63.6 (31) 62.8 (14) = 187.4 (19) 
20-30 28.1 ( 8) 38.3 (19) 28.4 ( 7) = 94.8 ( 9) 
30-40 20.8 (6) 16.1 (13) 57.8 (13) = 94.7 ( 9) 
40-50 14.2 (4) 14.2 (7) 75.3 (17) = 103.8 (10) 
50-60 8.3 ( 2) 9.2 (5) 29.7 (7) = 47.2 ( 5) 
60-70 3.7 (1) 21(¢1) 16.1 (4) = 21.9 ( 2) 
70-80 11.5 (3) 10.8(5) 37.0 (8) 35.6 94.9 ( 9) 
80-90 10.2 ( 3) 6.8 (3) 23.6 ( 5) = 40.6 ( 4) 
total 347.6(100) 203.4(100) 438. 2(100) 35.6 1024. 8(100) 
Bs F-H 123.6 (19) 8.7 ( 2) = = 132.3 ( 9) 
0-10 254.7 (39) 173.1 (45) 177.6 (34) = 605.4 (39) 
10-20 127.6 (19) 115.8 (30) 166.4 (32) = 409.8 (26) 
20-30 82.9 (13) 56.1 (15) 139.4 (27) = 278.4 (18) 
30-40 38.9 (6) 23.6 (6) 31.9 ( 6) = 94.4 ( 6) 
40-50 18.3 ( 3) 3.8 ( 1) - = _ 22.1 ( 1) 
50-60 7.9 CD 1.7 (1) 2. 0(0. 4) = 11.6 ( 1) 
60-70 7.9 (1) 23: D 1. 0(0. 2) = 1152) CH 
total 661.8(100) 385.1(100) 518. 3(100) = 1565. 2(100) 


( ); % for each size class 
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20 cm in depth, including the Ao-layer) was 1,148 g/m? for Bs soil and was 527 g/m? 
for Bp soil. This indicates that fine roots concentrate near the surface, particularly for Bs. 
This result suggests that the recycling of nitrogen and minerals concentrate {near surface 
soil. The contribution of root development and of mycorrhiza for mineral cycling would 
be important, particularly for poor sites. 
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